independent of harmonic number. Assuming that the phase velocity is constant, it is shown that as Ak/k increases, the double peaks merge to form a single spectral peak. For the wave events presented in this paper, Ak/k is estimated to be less than 0.1.
INTRODUCTION
Electrostatic H + cyclotron harmonic waves are frequently observed by the Dynamics Explorer 1 (DE 1) spacecraft. These waves typically occur near the higher harmonics (typically n > 5) of the H+ cyclotron frequency fH + = (V2½r) (eB/mc) [Kintrier, 1980] . In about one out of 10 H + cyclotron harmonic wave observations made by DE 1 the H + cyclotron emissions take on a double-peaked characteristic. The purpose of this paper is to describe the double-peak structure of the H+ cyclotron harmonic emissions and discuss their interpretation. The double-peak structure is interpreted in terms of the Doppler shift arising from the satellite's velocity relative to the plasma's rest frame. Kintrier et al. [1978] discussed the broadening of electrostatic H + cyclotron waves in terms of Doppler shifts and used the broadening to estimate a lower limit for the phase velocity of the waves. As we will show, harmonics with a double-peaked structure can be Used to obtain more precise estimates of the phase velocity.
DE 1 is in an ideal orbit for studying ion cyclotron harmonic waves along the auroral field lines. This spacecraft is in a polar orbit about the Earth with apogee and perigee geocentric radial distances of 4.67 Roe and 1.106 Roe. The orbital period is roughly 7 hours. The spacecraft spin axis is perpendicular to the orbital plane, and the spacecraft rotates with a period of roughly 6 s. A 215-m electric antenna (Ex), oriented perpendicular to the spin axis, is used to detect the electric field of the ion cyclotron harmonic waves. A wideband receiver is used to provide high-resolution spectrograms of ion cyclotron harmonic waves. Section 2 presents observations of double-peaked H + cyclotron harmonic waves. Section 3 presents our interpretation of the cause of the double-peaked harmonics, and section 4 summarizes the conclusion of the study.
OBSERVATIONS OF DOUBLE-PEAKED HARMONICS
Two double-peaked H+ cyclotron harmonic wave events will be discussed. The first event is the more typical of the double-peaked H + cyclotron harmonic wave events found.
In these events two to three harmonics are excited at high harmonic numbers (n = 10). The second event is less typical and shows an event in which the double-peaked harmonics occur at lower harmonic numbers (n --• 3-7). Two events have been found in which the separation between the peaks is clearly observed to be proportional to the harmonic number. The proportional relationship has only been observed in events that occur at low harmonic numbers. The first double-peaked H + cyclotron harmonic wave event that will be discussed covers a series of H + cyclotron A plot of the log of the phase space density versus energy for H + during the wave event. Each curve refers to a different range of pitch angles that the detector was sampling.
estimated H + density (>10 eV above the spacecraft's potential) is ---2 cm -3. A significant cold ion background population is also present for this event. The upper frequency limit of the auroral hiss is hard to identify for this case, but hiss appears to be present at 20 kHz. The event also occurs on field lines equatorward of the source of the hiss emissions. Therefore we place a lower limit on the density of 5 cm-3. These waves are also strongly spin modulated with the peak electric field amplitudes occurring when the Ex antenna is perpendicular to the magnetic field. The rms electric field amplitude associated with these waves is 0.4 mV/M.
We believe that the double-peaked harmonics are due to the Doppler shift arising from the relative velocity between the satellite and the plasma. In section 3 we will show how the Doppler shift can cause double-peaked harmonics. A simple relationship will be derived relating the frequency separation of the double peaks to the wavelength of the harmonics. This relationship when applied to the observed frequency spectrums is used to show that the phase velocity is roughly independent of harmonic number. Assuming that the phase velocity is constant, it will then be shown that as the spread in unstable wave numbers (Akz) increases, for a given harmonic the double peaks merge into a signal spectral peak. In most cases, double-peaked structures are not detected in electrostatic H + cyclotron wave events (i.e., events with wave power peaking in the first harmonic). A brief discussion of the lack of double-peaked harmonic observations for electrostatic H + cyclotron waves will be given at the end of section 3.
INTERPRETATION OF DOUBLE-PEAKED HARMONICS
To introduce the basic idea, a simple heuristic discussion will first be used to show how Doppler shifts can cause double-peaked harmonics. The basic geometry involved is shown in Figure 6 . By design the Ex antenna was chosen to rotate in the plane defined by magnetic field direction and the satellite velocity direction. The electric fields and wave vectors of the electrostatic H + cyclotron harmonic waves are assumed to be oriented almost perpendicular to the magnetic field, and distributed gyrotropically around the magnetic field lines. A gyrotropic distribution is expected because the wavelength of the waves is much smaller than the spatial structure of the region in which the waves occur. As discussed earlier, the waves are observed to occur almost continuously for about a 1-min interval which corresponds to a distance of 240 km transverse to the magnetic field, and the wavelengths of the waves (as will be determined later in this section) are only about 300 m.
The projection of an electric field E z, making at an angle of 4) with respect to the component of the satellite velocity perpendicular to the magnetic field Vz, onto the Ex antenna is E z sin (at) cos (40, where a is the angular spin rate of the satellite. The contribution made by electrostatic waves traveling in a direction 4) (see Figure 6 ) to the net signal is seen to be weighted by a cos (4)) factor (since for electrostatic waves E II k). Therefore the waves traveling at directions almost perpendicular to Vz make almost no contribution to the signal. On the other hand, waves traveling almost parallel or antiparallel to Vz make a large contribution to the signal. If Ak/k is small, the waves traveling in the direction of V z will contribute a spectral peak that is downshifted in frequency by V z/A, and the waves traveling in the opposite direction of V z will contribute a spectral peak that is upshifted in frequency by V z/A. If other factors contributing to spectral peak broadening are sutficiently small, a doublepeaked spectrum will be observed with a frequency separation given approximately by Af= 2V sin 0/A
where V is the magnitude of the satellite velocity and 0 is the angle between the satellite velocity and the magnetic field direction. Table 1 cm -3, the spacecraft potential is typically between 4 and 8 eV [Chappell, 1988] . For the June 1 case the upper cutoff of the auroral hiss indicates that a substantially lower energy component is present that makes up at least 80% of the plasma. If this component has a temperature of 1 eV, its thermal velocity is 10 times smaller than the inferred phase velocities of the ion cyclotron harmonic waves. If the phase velocity is much larger than the H + thermal velocity, the real part of the dispersion relationship can probably be approximated by the fluid limit. Therefore for the higher harmonics the phase velocities of the harmonics should be approximately constant and close to the ion acoustic velocity. Unfortunately, the high-altitude plasma instrument (HAPI), which measures electrons, failed before lowfrequency (0-1 kHz) wideband wave data became available. Consequently, no experimental determination of the electron temperature can be made, and hence the ion acoustic velocity cannot be determined. The parameters are 0 = 51.115ø; Vsa t = 4.82 km/s; A = 2Vsa t sin O/Af; and Af is the separation between the split harmonic peaks. case ak/k = 0.02, is shown in Figure 7 . The frequency of each wave number was determined by to(kñ) = to(kñ0) + Vg ß (kñ -kñ0). The relative electric field for each component was determined by a Gaussian profile centered at kñ = kñ0 with a half width Ak. For each case the computer-generated signal covered a period of time equal to one satellite spin period.
The spectrums of the computer-generated signal for the case Ak/k = 0.02 are shown in Figures 8a and 8b . The spectrum shown in Figure 8a would correspond to a frequency spectrum generated by a linear receiver, but the wideband receiver nonlinearly compresses the signal. To check the distortion of the signal caused by the nonlinear compression, a computer model of the logarithmic compression was made. The signal after compression is shown in Figure 8b . The spectrum of the computer-generated signal shows low-amplitude sidebands similar to low-amplitude sidebands observed in the real data (Figure 2b) . The separation between the double peaks (Figures 8a and 8b) is the same value as that predicted by (1).
The spectrums of computer-generated signals for the cases when Ak/k = 0.04 and 0.08 are shown in Figures 9a and 9b , respectively. The double peaks can still be clearly observed (Figure 9a) when Ak/k is set equal to 0.04, but they merge of the double-peaked events suggests that these events are closer to marginal stability (i.e., zero growth rate) than the larger-amplitude, single-peaked harmonic emissions. Therefore one would expect that the growth rate is near zero for the double-peaked harmonics.
However, it should be pointed out that other low-intensity events like the one occurring from 035306 to 035350 UT on June 1 do not exhibit double-peaked harmonics. This apparent inconsistency could possibly be explained by a number of factors. The value of Ak/k is probably dependent on various factors other than the electric field strength, such as the plasma density, composition, temperatures, etc., all of which can be quite variable. The marginal stability argument given above is a starting point for which a more complete theory based on the growth, propagation, and saturation of these waves is needed. Also, other spectral broadening mechanisms (for example, the spatial and temporal coherence of the waves) can also be important in obscuring the Doppler effect.
In the above analysis it was assumed that the plasma flow velocity (¾aow) is much less than the satellite velocity (Vsat). But if Vaow is larger or of the same order of magnitude as Vsa t, the plasma flow velocity must be taken into account since it is reasonable to assume that the waves are gyrotropically distributed in the rest frame of the plasma. Let In one case we showed that a substantial cold (Ti•+ < 10 eV above spacecraft potential) H + ion component exists comprising at least 80% of the H + density. Therefore the phase velocity is much greater than the background H + thermal velocity. This observation suggests that the real part of the dispersion relationship can be approximated by the fluid limit, and therefore the phase velocity should be constant and close to the ion acoustic velocity. Unfortunately, no determination of the electron temperature could be made due to the failure of the plasma instrument which measures the electrons.
Assuming that the phase velocity (Vp) is approximately constant, the spectral broadening due to the frequency dispersion relation is approximately Vp ß Ak. When this broadening is of the order of the separation of the peaks due to the Doppler shift, the double-peaked harmonics merge into a single spectral peak. We showed that Ak/k for these waves is less than 0.1. The only observational evidence that we have that suggests Ak/k is smaller for double-peaked ion cyclotron harmonic waves compared to a single-peaked ion cyclotron harmonic waves is that double-peaked ion cyclotron harmonic waves have amplitudes that are a factor of 4 smaller than amplitudes of single-peaked electrostatic ion cyclotron harmonic waves.
The major source of error in our estimates of the wavelength of these waves occurs because of the uncertainty in determining the plasma flow velocity due to the short length of the E z antenna. We estimate the uncertainty in determining the wavelength due to this cause to be about 30%.
